ファクターオラクルの誤受理構造の解析 (計算機科学基礎理論とその応用) by 岩崎, 久史
Titleファクターオラクルの誤受理構造の解析 (計算機科学基礎理論とその応用)
Author(s)岩崎, 久史









Dept. of Information Science, School of Science,






























































$(|\epsilon|=0)$ . $p$ ,|p| $=m$
$p=p_{1}p_{2}\ldots p_{m}(p_{i}\in\Sigma, 1\leq \mathrm{i}\leq m)$









$u$ $p$ prefix( ), $v$ $p$ suffix(
) . $p$ $i$ prefix
$\mathrm{p}\mathrm{r}\mathrm{e}\mathrm{f}_{p}(i)(=p[1\ldots i])$ . $\mathrm{p}\mathrm{r}\mathrm{e}\mathrm{f}_{p}(i)$
suffix $\mathrm{s}\mathrm{u}\mathrm{f}(\mathrm{i})$ . $p$







3. $m+1$ . .





1. $\mathrm{r}\mathrm{e}\mathrm{p}\mathrm{e}\mathrm{t}_{p}$( , $\mathrm{p}\mathrm{r}\mathrm{e}\mathrm{f}_{p}\langle i$ )
2 suffix.
, 1 $p$ $=$ abbbaab
, $\mathrm{r}\mathrm{e}\mathrm{p}\mathrm{e}\mathrm{t}_{p}(1)$ $=\epsilon,$ $\mathrm{r}\mathrm{e}\mathrm{p}\mathrm{e}\mathrm{t}_{p}(4)$ $=bb$,
$\mathrm{r}\mathrm{e}\mathrm{p}\epsilon^{\backslash }\mathrm{t}_{p}(7)=ab$ .
2. (Suffix link) $S_{p}$ , Oracl $e(p)$
$i>0$ $\mathrm{r}\mathrm{e}\mathrm{p}\mathrm{e}\mathrm{t}_{p}(i)$ $j$
$(S_{p}(i)=j)$ . $S_{p}(0)=-1$ .
3. Oracle(p) $i$ ,k0 $=$
$i,$ $k_{j}=S_{p}(k_{j-1})(j\geq 1)$ .
$SP_{p}(i)=\{k_{0}=i, k_{1}, \ldots, k_{t}=0\}$ ,
Oracle(p) $i$ suffix path
.
























, 0racle $=p_{1}p_{2}\ldots p_{m}$ )
.
1. $i+1$ , $i$




$\exists k\in$ $[1 \ldots l-1],$ $\exists v\in L(jk)[(|v|$ $>$
$|u_{k-1}|)\Lambda\delta(j_{k},\sigma)=i+1]$




$\langle$ . , $i+1$
($p$ )
$P1P2\cdots pi+1$ suffix . ,
$v$ qsuf(i) $v\sigma(=vp_{i+1})$ qsuf$\langle$i+l)
, $v\sigma$ $i+1$
. , $v\not\in \mathrm{s}\mathrm{u}\mathrm{f}(i)$
$|v|>|u_{k-1}|$ , $p\not\in \mathrm{s}\mathrm{u}\mathrm{f}(j_{k-1})$ .
$v\in \mathrm{s}\mathrm{u}\mathrm{f}(i)$ . $v\in \mathrm{s}\mathrm{u}\mathrm{f}(i)$
, lut+ll<lvl\leq lutl. $t$
. $S_{p}(j_{t+1})=jt+2=j_{k}$
, $v\in \mathrm{s}\mathrm{u}\mathrm{f}(j_{t+1}=j_{k-1})$ ,
$arrow T,v\not\in \mathrm{s}\mathrm{u}\mathrm{f}(i)$ .
2: $v\sigma$
$(\Leftarrow)\exists v\in\Sigma^{*}$ , $v\sigma$ $\mathrm{i}+1$
, $v\sigma\not\in \mathrm{s}\mathrm{u}\mathrm{f}(i+$
$1),$ $\delta(i, \sigma)=i+1$ . , $\exists k\in[1\ldots l-1]$ ,
$v$ $j_{k}\in SP_{p}(i)$
$v\in L(j_{k})$ .
, $|v|\leq|u_{k-1}|$ , $v\in \mathrm{s}\mathrm{u}\mathrm{f}(j_{k})$
, $v$ $uk-1$ suffix .
[ACR99] $[\mathrm{C}\mathrm{o}\mathrm{r}\mathrm{o}\mathrm{l}\ddagger \mathrm{a}\mathrm{r}\mathrm{y}4]$ , $u_{k-1}$ $u_{0}$
suffix $v$ $u_{0}$ suffix .
, $v\in \mathrm{s}\mathrm{u}\mathrm{f}$( . , $v\sigma\not\in \mathrm{s}\mathrm{u}\mathrm{f}(i+1)$
















, $p[1\ldots i]$ . $S_{p}(i+1)=0$ : $\mathrm{r}\mathrm{e}\mathrm{p}\mathrm{e}\mathrm{t}_{p}=\epsilon$ . ,




. $S_{p}(i+1)=q(q\neq 0)$ :
2 .
$i(1\leq i\leq|p|)$ $lrs(i)$ $O(|p|)$
. -q-l=\pi 2=Sp(\pi l):
$j$ Oracle($p[$ l. . . $i]$ ) $p_{i+1}$ .
Oracl $e$ [ l. . . $i+1$] $SP_{p}(i)$




$i$ $\in$ Oracle($p[$l. . . $i]$ ) ,
.
$w\in L(i)$ $w\in$ suf(
4. ([LLOO]Definition8). . ,
$\pi_{1}$ $S_{p}(\pi_{1})=j$ $\pi_{1}\in SP_{p}(i)$ . $\min\{t\gamma\cdot s[\pi_{1}], lrs[\pi_{2}]\}$ $=$
$lrs[\pi_{1}]$ .
5. ([LLOO] Definition9). , $|\mathrm{r}\mathrm{e}\mathrm{p}\mathrm{e}\mathrm{t}_{p}(\pi_{1})|+1=l\tau\cdot s[i]+1=$
$\pi_{2}\not\in\yen\{$
$|\mathrm{r}\mathrm{e}\mathrm{p}\mathrm{e}\mathrm{t}_{p}(i+1)|$ .
$S_{p}(\pi_{2})=j\cap\pi 2\in SP_{p}(S_{p}[i+1]-1)$ .
( $S_{p}(i+1)-1\neq j$ ).
$j$ ( $S_{p}(i+1)-1=j$ ).
33
$\square$
6. ([LLOO] Definition 10).
$lrs$ : $m+1$ , $\forall i(0\leq i<n\iota)$ : $p=p_{1}.p_{2}$ . . . $p_{m}$
$lrs[i+1]=\{$
0 ($S_{p}(i+1)=0$ ). : Oracl $e(p)$ ?
$lrs[\pi_{1}\grave{\rfloor}+1$ ( $\pi_{2}=S(p\pi_{1})$ ). 1 1 Oracl $e(p)$
$\mathrm{n}1\mathrm{i}\mathrm{n}\{lrs[\pi_{1}], lrs[\pi_{2}]\}+1$ ( $\sqrt$ ).
, Oracl $e$ ($p[$ l. . . $i]$ ) $pi+1$
$l\tau\cdot s[0]=0$ .
Oracl $e$ ($p[$l. . . $\mathrm{i}+1]$ ) ,
$lrs[\mathrm{i}]$ $lrs[i+1]$
$|\mathrm{r}\mathrm{e}\mathrm{p}\mathrm{e}\mathrm{t}_{\mathrm{p}}$( , . $O_{7^{\backslash }}ac.le(p^{\lceil}\lfloor 1\ldots i])$ , ,
$|\mathrm{r}\mathrm{e}\mathrm{p}\mathrm{e}\mathrm{t}_{p}(i)|$ . $S_{p}(i)>lrs[i]$
, 1( $|\mathrm{r}\mathrm{e}\mathrm{p}\mathrm{e}\mathrm{t}_{p}(i)|$ $lrs[i]$ . , 1
. $S_{p}(i)>|\mathrm{r}\mathrm{e}\mathrm{p}\mathrm{e}\mathrm{t}_{p}(i)|$ , 1 $v$
$v=p[1\ldots S_{p}(i)]$ .
1. Oracte($p[$ l. . . $i+1]$ ) ) $v$
, $lrs[i+1]=|\mathrm{r}\mathrm{e}\mathrm{p}\mathrm{e}\mathrm{t}_{p\backslash }^{\oint}i+1)|$ . . ,
Pr.oof. $i$ . $i=0$
: $lrs[1]=0,$ $\mathrm{r}\mathrm{e}\mathrm{p}\mathrm{e}\mathrm{t}_{p}(1)=\epsilon$ . 1
. , Oracle(p)






$1$ .Create Oracl $e(\epsilon)$
2. one single state 0
3. $S_{\epsilon}(0)=-1,$ $\mathrm{f}\mathrm{l}\mathrm{a}\mathrm{g}arrow \mathrm{O}$
$4.\mathrm{F}\mathrm{o}\mathrm{r}$( $i$ from 1 to m)
5. Oracle(p[l. . . $i]$ ) $arrow$
6. NewAddLetter(Oracle(p[l $\ldots i-1],p_{i})$ )
7. if(flag $==0$)
8. $i\mathrm{f}(S_{p}(i)>lrs[i])$ ,
9 then $\mathrm{f}\mathrm{l}\mathrm{a}\mathrm{g}arrow 1$ ( ).
10. else if(flag $==1$ )
11. if( $i$ ),












$\mathrm{L}\mathrm{R}\mathrm{S}(\pi_{1}, S_{p}(\mathrm{i}+1))$ , $lrs(i+1)$





line $(p = p_{1}p_{2}\cdots p_{m})$ , Oracl $e(p)$
$lrs[i](\forall i_{2}0\leq i\leq m)$ ,
NewAddLetter (Oracle(p[l. . . $i],$ $\sigma)$ )





6. $\delta(j, \sigma)$ is undefined do
7. $\delta(j, \sigma)arrow i+\mathrm{i}$
8 . $\pi_{1}arrow j$
9. $jarrow S_{p}[j]$
10 if $j=-1$ then
11. $sarrow 0$
12 else $sarrow\delta(j, \sigma)$
13 . $S_{p}(i+1)\tau-s$
14. $frs[i+1]arrow \mathrm{L}\mathrm{R}\mathrm{S}(\pi_{1_{!}}.S_{p}(i+1))$
15 return Oracle(p[l. . . $i]\sigma$ )
5: NewAddLetter
Oracl $e(p)$ .
Proof. Oracl $e(p)$ $lrs[i]$ ,





line(p $=p_{1}p_{2}\ldots p_{m}$ ) , (
), ( ) $O(m)$
.
Proof. [ACR99] (Theorem 2) Oral-






. Oracle(p[l $\ldots S_{p}(i+1)]$ )
. $k=S_{p}(i+1)$
, \mbox{\boldmath $\delta$}( $p_{k}$ )
. Oracl $e$ ($p[$l. . . $S_{p}(i+1)]$ )





$3.\mathrm{e}\mathrm{l}\mathrm{s}\mathrm{e}$ return $\mathrm{L}\mathrm{C}\mathrm{S}(\pi_{1}, s-1)+1$
6: $p[1\ldots i+1]$ $lrs(i+1)$
LCS $(\pi_{1}, \pi_{2})$
1if $\pi 2=S_{p}(\pi_{1})$ then
2 return $lrs[\pi_{1}]$
3else while $S_{p}(\pi_{2})\neq S_{p}(\pi_{1})$ do
4. $\pi_{2}arrow S_{p}(\pi_{2})$
5return $\min\{lrs[\pi_{1}], lrs[\pi_{2}]\}$




, Oracl $e(p)$ suffix
path $O(m)$ .
, $lrs[0\ldots m]$ $O(m)$ . ,
6\sim 9
4
$m$ $4m$ . ,
NewOracle-on-line(p $=p_{1}p_{2}\ldots p_{m}$ )
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